Background. In order to increase treatment coverage, antiretroviral treatment (ART) is provided through primary health care in low-income high-burden countries, where tuberculosis (TB) co-infection is common. We investigated the long-term outcome of health center-based ART, with regard to concomitant TB.
Many reports on antiretroviral treatment (ART) outcomes in cohorts from low-income countries have shown results comparable with those in high-income settings, albeit with higher rates of early mortality, probably related to more advanced disease at ART initiation [1] [2] [3] . In order to increase ART coverage further in high-burden countries, provision of ART is increasingly managed by nurses and integrated within existing primary health care systems [4] . According to recent estimates, >18 million people living with HIV (PLHIV) have started ART [5] , but to reach the goal of 90% treatment coverage, almost as many persons in addition need to start ART. Further attention to achieving 90% rates of virological suppression in persons starting ART is also required. Recent data show high rates of loss to follow-up (LTFU) in ART recipients [6, 7] , as well as rising occurrence of both acquired and transmitted antiretroviral drug resistance [8, 9] .
Although the median CD4 cell counts at ART initiation have increased during recent years [10] , many patients in Sub-Saharan Africa still have severe immunosuppression when HIV is diagnosed and ART can be started [11] . Furthermore, tuberculosis (TB) co-infection is common [12] and has been associated with worse ART outcomes [13] , including persistently elevated rates of death [14] . As the clinical manifestations of TB may be atypical and vague in PLHIV, TB is frequently missed [15] . Active TB case-finding has therefore been proposed as an intervention that could improve outcomes of patients with TB/HIV co-infection [16] .
We have previously reported similar 6-month outcomes irrespective of concomitant TB in adults categorized for active TB before starting ART at Ethiopian health centers [17] . Here we aimed to compare long-term ART outcomes with regard to concomitant TB in these patients and to identify factors associated with mortality, LTFU, and lack of virological suppression.
clinicians provide all care at Ethiopian health centers, including management of TB and HIV. Since 2006, ART has been decentralized in Ethiopia by inclusion of an ART clinic in many health centers.
In 2012, the Ethiopian National ART guidelines recommended ART for all patients with CD4 counts <350 cells/mm 3 and/or World Health Organization (WHO) stage 4 [18] . In 2015, these guidelines were revised, with a higher CD4 count threshold for ART initiation at <500 cells/mm 3 [19] , with non-nucleoside reverse transcriptase inhibitor (NNRTI)-based first line ART regimens in both versions. Second-line ART is provided at hospital-based clinics to which patients with suspected treatment failure are referred.
At the time of this study, viral load (VL) determination was only performed in case of suspected treatment failure, based on immunological and clinical criteria [19] .
Study Participants
The study cohort has previously been described [17, 20] . HIVpositive adults presenting to any of the five public health centers providing ART in the study uptake area from October 2011 until March 2013 were considered for inclusion. Inclusion criteria were age ≥18 years, eligibility to start ART (defined as a documented CD4 count <350 cells/mm 3 and/or WHO stage 4 disease), and residence within the catchment area of the study sites. Patients reporting current or previous ART, or TB treatment for more than 2 weeks before inclusion, were excluded. At inclusion, sociodemographic and medical information was collected following structured questionnaires. Blood samples were obtained for CD4 counts, with storage of plasma aliquots at −80°C for VL testing. Medical information was updated at subsequent visits, along with repeated blood sampling. Patients were followed 3-monthly until ART initiation, whereby follow-up visits were scheduled for months 1, 2, 3, 6, 9, and 12, and biannually thereafter until study closure on December 31, 2015. At inclusion, all participants, regardless of symptoms suggestive of TB, were requested to submit 2 pairs of spontaneously expectorated morning sputum samples for TB investigations (smear microscopy, GeneXpert MTB/RIF, and liquid culture) [20] . Subjects with peripheral lymphadenopathy were also referred for fine-needle aspiration for TB investigations. Participants who did not provide any sample for TB investigations were excluded.
Clinicians were instructed to repeat TB diagnostics according to the study protocol during follow-up in case of clinically suspected TB. All subjects diagnosed with TB within 3 months after starting ART were considered TB cases, with the remaining subjects considered non-TB cases. Patients diagnosed with TB ≥3 months after starting ART (incident TB) were considered non-TB cases for the outcome analyses. TB cases were further categorized with regard to whether TB was bacteriologically confirmed or diagnosed on clinical grounds. VL was performed in batches during the study period using the Abbott Real-Time HIV-1 assay (Abbott Molecular Inc., Des Plaines, IL; detection limit 40 copies/mL) or the Abbott m2000 RealTime System Automated molecular platforms (Abbott Molecular Inc., Des Plaines, IL; detection limit 150 copies/mL) with communication of results to care providers. In line with national guidelines, subjects with VL ≥1000 copies/mL underwent adherence counseling followed by repeat VL testing before referral for second-line ART [19] .
During follow-up, tracing was recommended for patients more than 1 day late for a scheduled visit. Subjects more than 3 months late for a scheduled visit and who did not return during follow-up were considered LTFU.
Statistical Analysis
Comparison of patient characteristics between TB cases and non-TB cases was performed using Mann-Whitney U test for continuous variables and the chi-square test for categorical variables. All analyses were based on subjects with complete data regarding the variable(s) under study.
The primary study outcomes were rates of adverse ART outcomes (all-cause mortality, LTFU, and lack of VS) with regard to TB category at ART start. The secondary outcome was immunologic recovery during ART.
In the mortality and LTFU analyses, time-at-risk started at ART initiation, whereas time-at-risk for virological outcome analysis started 6 months after ART initiation. For each outcome, subjects were followed until reaching the respective outcome, with censoring of remaining subjects at the last registered visit. Subjects without subsequent follow-up visits after ART initiation were assigned 0.1 months' follow-up time so that they would contribute to the survival analyses. Virological outcomes were categorized as virological suppression (VS; VL < 150 copies/mL), low-level viremia (LLV; VL 150-1000 copies/mL), and high-level viremia (HLV; VL > 1000 copies/mL). Any event of HLV recorded during follow-up 6 months after ART initiation was defined as lack of VS. All subjects with at least 1 VL result during follow-up were included in this analysis.
Kaplan-Meier plots were used to graphically assess the temporal distribution of events, and the log rank test was used to compare subjects with and without TB. Cox proportional hazards models were used with adjustment for variables with previously reported associations with the outcomes. Whereas age was kept as a continuous variable, CD4 counts were categorized according to level of immunosuppression (<100, 100-200, 201-350, and >350 cells/mm 3 , respectively), and mid-upper arm circumference (MUAC) was dichotomized at gender-specific thresholds (<23 cm for women and <24 cm for men). All variables included in the models were assessed for the proportional hazards assumption using log-minus-log plots and Schoenfeld residuals.
Two sensitivity analyses were performed. First, subjects with clinically diagnosed TB were excluded from the survival models to assess the impact of only bacteriologically confirmed TB.
Second, to assess whether intervals without available VL results during follow-up had any impact on the analysis of HLV, subjects with less than 1 VL per year had their follow-up censored at last VL before such an interval.
Immunological recovery during ART was described using medians and interquartile ranges (IQRs) comparing TB cases and non-TB cases using the Mann-Whitney U test at each follow-up.
All analyses were performed using SPSS, version 21 (IBM Corp, Armonk, NY), and STATA, version 13.1 (StataCorp, College Station, TX). A P value <.05 was considered to indicate statistical significance.
Ethical Considerations
Ethical approval was obtained from the national Research Ethics Review Committee at the Ministry of Science and Technology of Ethiopia and the Regional Ethical Review Board of Lund University, Sweden. All study participants provided written informed consent.
RESULTS

Participant Characteristics
Out of 886 subjects identified as potentially eligible for inclusion, 812 were included ( Figure 1 ). Characteristics of the 61 excluded subjects who did not submit samples for TB investigations did not differ significantly from those included ( Table 1 , Supplementary Material).
Active TB was diagnosed in connection with inclusion in 158/812 (19%) participants, with bacteriologic confirmation in 137/158 (87%). An additional 4 subjects were diagnosed during follow-up before starting ART (1/4 bacteriologically confirmed) ( Figure 1 ).
During a median follow-up time of 3.0 years (IQR, 2.1-3.4 years), 729 (90%) started ART. At study closure, 525 (72%) of subjects starting ART remained in care, whereas 60 (8%) had died, 58 (8%) were LTFU, 80 (11%) had reported transfer of care, and 6 (1%) had declined further participation in the study. Eighty-three subjects did not start ART during study follow-up (censoring event: death, 22; LTFU, 31; transfer of care, 23; declined further study participation, 4; end of study, 3).
Characteristics of study participants at ART initiation are shown in Table 1 .
Mortality
During 1643 person-years of follow-up after ART start, death was recorded in 12/141 (9%) TB cases and 48/588 (8%) non-TB cases. The median time from ART start to death was 8.6 months (IQR, 2.2-17.4 months), with 26 deaths (43%) occurring within 6 months of ART start. VL was available prior to time of death for 26/34 (76%; median duration from VL to death, 4.9 months; IQR, 3.4-7.4 months); 14 (54%) were virally suppressed, 11 (42%) had HLV, and 1 (4%) had LLV.
TB was not associated with risk of death during ART (log rank P = .85) (Figure 2 , panel A). In the unadjusted survival analysis, low MUAC was significantly associated with mortality. This association remained after multivariate adjustments (Table 1) . Men had a trend toward higher risk of mortality in unadjusted analysis (P = .06), but this trend did not remain after multivariate adjustments.
Loss to Follow-up
Among 58 subjects lost to follow-up after ART initiation, 27/58 (47%) were lost within 6 months of ART start. In total, 11 In unadjusted analysis, men had an increased risk of LTFU, and this association remained after multivariate adjustments (Table 1) . MUAC was not included in the multivariate model as the proportional hazards assumption was not fulfilled due to a disproportionally higher risk of LTFU shortly after starting ART in subjects with lower MUAC, compared with later during follow-up.
Virological Suppression
Six-hundred-thirty participants met criteria for inclusion in the virological outcome analysis. Among the 99 excluded subjects, 80 had less than 6 months of follow-up after ART start (death, 26; LTFU, 27; transfer-out, 21; declined further participation, 2; ART start within 6 months of study closure, 4), and from 19 subjects no VL results were available during follow-up.
The 630 participants included in the virological outcome analysis had a median of 4 VL results after ≥6 months of ART (IQR, 3-5 viral loads). In total, 426 (68%) were virally suppressed on all occasions, 73 (12%) had LLV on at least 1 occasion, and 131 (21%) had HLV on at least 1 occasion. These proportions were similar when based on subjects with at least 2 VLs (n = 591) during follow-up: 405 (69%) were virally suppressed on all occasions, 55 (9%) had LLV on at least 1 occasion, and 131 (22%) had HLV on at least 1 occasion.
A similar proportion of TB cases (26%) and non-TB cases (20%; P = .15), had at least 1 occasion of HLV after ≥6 months of ART (lack of virological suppression). The median time from ART start to this event was 11.8 months (IQR, 6.0-17.5 months).
In survival analysis, TB was not significantly associated with HLV (log rank P = .14) (Figure 2, panel C) . In unadjusted analysis, male gender, CD4 count <100 cells/mm 3 , and low MUAC were associated with HLV. The associations remained after multivariate adjustments (Table 2) . To assess possible interaction between gender and the other variables, gender-stratified models were fitted. TB remained without association with HLV for both men (P = .35) and women (P = .47). For men, younger age was associated with an increased risk of HLV (P = .03), whereas remaining variables had similar associations with HLV for both men and women compared with the unstratified analysis.
Subsequent VL data were available for 98/131 (75%) subjects with HLV. Of these, 43 had VS on at least 1 subsequent occasion (without recorded change of ART regimen in 34/43), 9 had LLV on at least 1 occasion, and 63 had HLV on at least 1 occasion.
Of the 522 participants remaining in care at end of follow-up, VL results were available for 516 (99%). The final virological statuses of these were 445 (86%) VS, 23 (5%) LLV, and 48 (9%) HLV, respectively.
Sensitivity Analyses
Twenty-two TB cases without bacteriological confirmation were excluded in a sensitivity analysis, with resulting multivariate Eight subjects were excluded due to lack of VL data at 6 and 12 months after ART start, and an additional 26 subjects had their follow-up censored at last VL before a testing gap in the second sensitivity analysis. TB remained without significant association with HLV (log rank P = .15). The multivariate model remained unchanged (Table 3 , Supplementary Material).
Immunological Recovery
Participants with TB had lower CD4 counts at ART start (P = .03) ( ; P = .58). The similar CD4 count distribution among TB cases and non-TB cases remained during subsequent follow-up ( Figure 3 ). Assessing whether early attrition influenced the apparent immunologic recovery, subjects with less than 6 months of follow-up after ART start (n = 80) were excluded in an additional analysis. This did not affect the overall results (data not shown).
Incident TB
In total, 14 subjects had incident TB during 1935 person-years of study follow-up, which equals a TB incidence of 7.2/1000 person-years. Bacteriological confirmation was obtained in 8/14 (57%). The number of incident TB cases did not suffice for additional analyses with regard to immunological recovery and risk of incident TB.
DISCUSSION
In this cohort of adults starting ART at Ethiopian health centers, a high proportion (86%) of subjects remaining in care had virological suppression at a median of 2.5 years after starting ART, irrespective of concomitant TB. These results are in line with a recent meta-analysis on firstline ART outcome in Sub-Saharan Africa, reporting virological suppression in more than 80% for up to 60 months of ART [21] . TB is considered to be the leading cause of death in PLHIV in low-income countries [4] , and TB co-infection has been associated with increased mortality both before and after starting ART [22, 23] . In this cohort, however, concomitant TB did not influence the long-term risk of death, nor rates of LTFU or VS. All participants underwent intensified TB case-finding at inclusion, regardless of clinical presentation. It is likely that this strategy led to reduced mortality in co-infected patients.
Our results support that providing ART to PLHIV with TB is feasible and effective at health center level, with similar rates of virological suppression for both groups. These results are in agreement with a meta-analysis showing no influence of TB status at the start of ART on virological suppression [24] , but in contrast to our study most previous investigations of this issue have been performed at hospitals or specialized HIV clinics. Due to heterogeneity and inconclusiveness in available data, the risk of virological failure could not be assessed in that meta-analysis. However, in a previous study from South Africa (not included in the meta-analysis) with a high proportion of bacteriologically confirmed TB cases, TB at start of ART was associated with an increased risk of virological failure [13] .
Nearly 80% of participants in our cohort had persistent viral suppression <1000 copies/mL. However, in an intention-totreat analysis assuming subjects who were LTFU or died after starting ART to have lack of virological suppression, the treatment success rate declined to 67%. These results are in line with intention-to-treat estimates from Sub-Saharan Africa [21] . For our study, we chose to use the occurrence of VL >1000 copies/mL after at least 6 months ART to define lack of virological suppression. Among patients with available VL data, 21% of patients had at least 1 episode of HLV. Although current guidelines require 2 VL measurements above this threshold to define virological failure, the majority of patients with recorded HLV had persistent viremia in follow-up samples. Furthermore, as drug resistance mutations can accumulate rapidly during periods of HLV in ART recipients [25, 26] , with subsequent risk of virological treatment failure [27] , we think that even isolated episodes of HLV should be regarded as unsatisfactory treatment outcomes. In addition, drug-resistant strains can be transmitted onwards [8] .
The likelihood of HLV was increased among men, subjects with CD4 counts <100 cells/mm 3 , and those with low MUAC. Low CD4 counts at ART initiation have previously been associated with lower rates of virological suppression during ART [13, 28] , and other studies have also observed higher risk of virological failure in men [29, 30] . The underlying reason for the independent association between low MUAC and HLV is not obvious and may be related to factors not included in our analysis.
Although we did not find any gender-related difference regarding mortality, in contrast to other reports [31, 32] , malnutrition, measured by the gender-specific MUAC thresholds of <23 cm for women and <24 cm for men, was associated with a more than 3-fold increase in risk of death after starting ART. The association between low MUAC and mortality in PLHIV has been found by other researchers [33] and might be due to the presence of unrecognized opportunistic infections, including cases of TB not identified by our intensified case-finding protocol. This is in accordance with autopsy studies from SubSaharan Africa, demonstrating that TB is a common finding even among PLHIV who have undergone TB investigations before death [34, 35] .
Low MUAC was also associated with LTFU during the first 4 months after starting ART, which suggests that unreported mortality may explain LTFU in a subgroup of individuals during this period. This is in line with findings from South Africa that showed an elevated risk of death soon after becoming LTFU but not later [28] . Similarly, increased mortality was found in South African patients within 3 months after registered transfer of care [36] . In our cohort, transfer of care was noted in 11% of subjects, with similar proportions irrespective of concomitant TB. We were unable to assess the subsequent outcomes of these patients.
Previous studies have indicated that TB may negatively affect immunological recovery during ART [37] [38] [39] [40] , and it has been speculated that the increased risk of death after completion of TB treatment noted in some studies is related to persistent immunosuppression [14, 37, 38] . At 6 months after starting ART, we observed lower median CD4 cell counts in co-infected patients [17] , but during longer follow-up this difference disappeared among subjects who remained in care. Yet, regardless of TB co-infection status, even after 3 years of ART, nearly two-thirds of participants had CD4 counts below 500 cells/mm 3 , which is considered to represent the lower normal reference level. This phenomenon illustrates the need for earlier diagnosis and ART initiation during the course of HIV infection. This study was based at public health centers providing nursebased care, a representative setting where many PLHIV receive ART globally. Through active case-finding for TB at inclusion into the study cohort, most subjects with concomitant TB were diagnosed with bacteriological confirmation. Furthermore, active case-finding allows for detection of active TB at earlier stages during the disease course. It should be noted, however, that our protocol was focused on pulmonary and peripheral lymph node TB; thus, other types of TB might have been missed. Some limitations should also be noted. First, subjects included in this study were required to be ART-naïve and to meet criteria for starting ART according to Ethiopian recommendations in use during 2012-2015. Therefore, it is not certain that our findings apply to patients with previous ART exposure or to those with less advanced HIV disease. Second, we could not determine causes of death for deceased participants. Although a proportion of deaths could be due to TB [34, 35] , it has been suggested that conditions not directly associated with HIV account for an increasing proportion of deaths occurring later during ART [32] . Primarily by telephone calls to the family of the deceased, we could ascertain that most deaths in our study were due to illness and not attributable to accidents or other unnatural causes. Finally, we did not have drug resistance data for subjects with HLV.
In conclusion, we found no impact of concomitant TB on treatment outcomes in adults initiating ART at decentralized facilities in Ethiopia. Overall, one-third of patients initiating ART had unsatisfactory long-term treatment outcomes, with higher risk for men and malnourished individuals. Our findings support screening for TB and provision of ART to TB co-infected patients at health center level, but also illustrate the need for better treatment monitoring and interventions to optimize outcomes.
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